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ABSTRACT

Public and Private Provision of Health Care*

One of the mechanisms that is implemented in the cost containment wave in
the health-care sectors in western countries is the definition, by the third-party
payer, of a set of preferred providers. The insured patients have different
access rules to such providers when ill. The rules specify the co-payments
patient must pay when using an out-of-plan care provider. We propose to
study the competitive process among providers in terms of both prices and
gualities. Competition is influenced by the status of providers as in-plan or out-
of-plan care providers. Also, there is a moral hazard of provider choice related
to the trade-off between freedom to choose and the need to hold down costs.
Our main findings are that we can define a reimbursement scheme when
decisions on prices and qualities are taken simultaneously (that we relate to
primary health-care sectors) such that the first-best allocation is achieved. In
contrast, some type of regulation is needed to achieve the optimal solution
when decisions are sequential (specialized health-care sector). We also
derive some normative conclusions on the way price controls should be
implemented in some European Union Member States.
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NON-TECHNICAL SUMMARY

A common characteristic of the Welfare State in the OECD countries is the
desire (need) to reform the public health-care system. This arises from the
increasing difficulties in financing the system. Also, within the European
Union, the Maastricht criteria (particularly on budget deficits) to participate in
the EMU area has created an additional pressure to lower public
expenditures. This pressure is calling into question the so-called universal
system of public health care. New organizational forms to improve efficiency
are being tested, such as the private management of public hospitals that is
being implemented in Spain and Portugal.

Due to the elements of moral hazard involved in the health-care insurance
contracts, third-party payers are implementing mechanisms to control for
expenses. One of these mechanisms is the definition of a set of providers to
which the insured patients have access to obtain treatment when ill.
Associated with this is the definition of the indemnity the patient obtains
should they address a provider outside that set.

Surprisingly enough, there is very little literature on the process of selecting
providers and on competition among providers when different reimbursement
rules apply, according to the provider chosen by the patient.

The results and their implications are of interest to insurers (private or public)
whenever they set special agreements with a subset of providers, as is the
case in some managed care experiments and to National Health Services that
use private providers (they may also define preferred sets of providers) and/or
have own provision, which competes with private providers.

Our Paper deals with the competitive effects on providers of different
reimbursement rules. They translate into being included or excluded in the list
of selected providers by an insurer, which, in turn, will have an impact on their
decisions regarding quality and price. Also, we assume that all our providers
are always active in the market. Generally, patients have to bear part of the
cost of the treatment provided by an in-plan care provider. If instead, they visit
an out-of-plan care provider, they pay the full price and obtain the indemnity
from the insurer specified in the insurance contract.

We will consider three basic alternatives for the indemnity associated with the
out-of-plan provider. The first one simply does not provide coverage for
choices outside the ‘preferred provider’ set. This captures a pure public
system of health provision, such as the Spanish one, where a patient visiting a
private provider (instead of a public one) has to bear the full cost of the
treatment. The second alternative defines an indemnity equal to what the



patient would have obtained should they have visited a preferred provider.
This alternative tries to capture the idea of indemnity based on a reference
price. This captures some features of the French system. Also, it captures
some important features of the pharmaceutical sector. Finally, the third
alternative is equivalent to the scenario where both providers have been
selected by the insurer. This captures some features of the German system
where together with the public providers, there is a fringe of private providers
regulated through bilateral agreements.

The type of questions we address refer to the characteristics of the market
allocations according to the type of insurance contract offered by the insurer
and to different assumptions about the timing of the decisions on prices and
qualities taken by the providers.

We identify providers making simultaneous decisions on prices and qualities
as an approach to the primary care sector, while sequential decisions (first
gualities then prices) approach the specialized health-care sector. Our main
conclusion is that enforcing the fixed co-payment rule on the primary health-
care sector is enough to make providers choose the optimal (welfare-
maximizing) prices and qualities levels. In contrast, in the specialized health-
care sector we need to consider a regulated (public) provider to reach the first-
best solution in prices and qualities and implement either the fixed co-payment
or the fixed reimbursement rules.

Our analysis underscores the role of rules defining preferred providers in the
way health-care markets operate. We believe that our model is a useful
framework in which to address market interactions in health-care markets
where both private and public providers are present.



1 Introduction

A common characteristic of the Welfare State in the OECD countriesis the desire
(need) to reform the public health care system. This arises from the increasing dif-
ficulties in financing the system. Also, within the European Union, the Maastricht
criteria (particularly on budget deficits) to participate in the EMU area has created
an additional pressure to lower public expenditures. This pressure is calling into
guestion the so-called universal system of public health care. New organizational
forms to improve efficiency are being tested, such as the private management of
public hospitals that is being implemented in Spain and Portugal .1

Due to the elements of moral hazard involved in the health care insurance con-
tracts, third-party payers are implementing mechanisms to control for expenses.
One of these mechanismsisthe definition of a set of providersto which theinsured
patients have access to obtain treatment when ill. Associated with this goes the def-
inition of the indemnity the patient obtains should (s)he address a provider outside
that set.

Surprisingly enough, there is very little literature on the process of selecting
providers and on competition among providers when different reimbursement rules
apply, according to the provider chosen by the patient. Our present paper specifi-
cally addresses this last issue.?

The results and their implications are of interest to insurers (private or public)
whenever they set special agreements with a subset of providers, asisthe casein
some managed care experiments, and to National Health Services that use private
providers (they may also define preferred sets of providers) and/or have own pro-
vision, which competes with private providers.

Our paper deal swith the competitive effects on providersof different reimburse-
ment rules. They translate into being included or excluded in the list of selected
providers by an insurer, which, in turn, will have an impact on their decisions re-

garding quality and price. Also, we assume that all our providers are always ac-

0ther examples of experiments aimed at cost containment can be found in Le Grand and Mossia-
los (1999).
2A companion paper Barros and Martinez-Giralt (2000) addresses the former one.



tive in the market. Generally, patients have to bear part of the cost of the treat-
ment provided by an in-plan care provider. If, instead (s)he visits an out-of-plan
care provider, (s)he pays the full price and obtains the indemnity from the insurer
specified in the insurance contract.

We will consider three basic alternatives for the indemnity associated with the
out-of-plan provider. The first one ssimply does not provide coverage for choices
outside the “preferred provider” set. This captures a pure public system of health
provision, such as the Spanish one, where a patient visiting a private provider (in-
stead of apublic one) hasto bear the full cost of the treatment. The second aterna-
tivedefinesan indemnity equal to what the patient woul d have obtained should (s)he
visited a preferred provider. This aternative tries to capture the idea of indemnity
based on areference price. This captures some features of the French system. Also,
it captures some important features of the pharmaceutical sector. Finally, the third
aternative is equivaent to the scenario where both providers have been selected
by the insurer. This captures some features of the German system where together
with the public providers, there is a fringe of private providers regulated through
bilateral agreements.

The type of questions we address refer to the characteristics of the market al-
locations according to the type of insurance contract offered by the insurer and to
different assumptions about the timing of the decisionson pricesand qualitiestaken
by the providers.

We will then turn our attention to amarket where the preferred provider acts as
aleader. First, we will consider an agency regulating both price and quality of the
public provider acting asa Stackel berg leader and the private provider asafollower.
This should capture the present type of regulation in health care markets such asin
Spain. Finally, we envisage a possible regulation of the health sector in the form of
athree-stage gamewheretheregulator setsthelevel of quality to maximizewelfare,
then the private provider decidesitsquality level and finally both providers compete
in prices. We address the issue of whether public leadership, coupled with out-of-

plan rules, are sufficient instruments to achieve the first-best alocation.



Accordingly, Section 2 presentsthe basic framework. Section 3reportsthemain
features associated with price competition. Section 4 sets the socia optimum al-
location, which will serve as a benchmark. Section 5 reports the analysis of both
quality and price decisions. Section 6 deals with leadership by a public provider.

Finally, section 7 concludes the paper.

2 Themode

Thereisvery littleliteraturelinking health insurance and differentiationin the health
care market. Maand Burgess (1993) consider amodel combining vertical and hor-
izontal differentiation to study the characteristics of equilibrium allocations under
sequential decisionsfirst on quality thenon prices(locationsaregiven). Theauthors
show that sequentiality of decisions creates a strategic effect that distorts decisions
relative to socially optimal decisions. Exploring the efficiency properties of two
regulatory policies, Maand Burgess conclude that atwo-part tariff yields better re-
sultsthan does asimpleregulation of prices. A similar strategic effect of sequential
movesisalso present in some of the variants of our model. We depart from Maand
Burgess on the set of instruments addressed: we [ook at the reimbursement rules of
the health plan.

In a more recent paper, Che and Gale (1997) propose asimilar model where a
principal decides between two types of competition. Ex-ante competition approxi-
mates the idea of managed competition in that providers propose quality-price pairs
to the principal. Then, the principal decides which providers will be active in the
market. Ex-post competition simply consists of the providers proposing those pairs
directly to consumers. The authors conclude with apreference for the ex-ante com-
petition because it allows for the extraction of al the surplus from the providers,
although it involves too many providers offering too much quality with respect to
the optimal values.

Finally, Wolinsky (1997) proposes a scenario of managed competition where
providers compete in quality vs. asituation of a segmented market where there is

aregulated monopolist in each submarket. The aim of the paper isto find the con-



ditions under which every situation is superior to the alternative one.®

In the definition of the model, we must draw attention to some stylized facts.
Thefirst one is horizontal product differentiation of providers. The second oneis
the importance of quality. Isaacs (1996) points out that the choice of provider by
the patient is the most difficult decision for the patient in informational terms. The
location of the hospital is usually the crucial element for most patients. The rea-
son being that although quality isregarded asimportant, different indices of quality
convey different rankings of providers. Also, itisnot always easy to understand the
meaning of some of theseindicators. In contrast, the pricing policy and thelocation
arerelatively easy to compare.

The model we propose combines elements of vertical differentiation (quality)
and horizontal differentiation in a set up ala Hotelling. Qualities are selected by
providers. These are observable but not contractible. They are the source of moral
hazard. Patients obtain utility from their treatment. This utility isincreasing in the
level of quality supplied by the provider and on theindemnity; it isdecreasing onthe
price and on the transport cost. Transport cost may be understood either in terms of
the cost to move from the patient’s location to the hospital or in utility terms asthe
lossin utility when the patient does not have access to his most preferred hospital.
Insurers have already defined a set of preferred providersto supply health services
to their insured population. Theinsurance contract specifies a co-payment that may
vary according to the provider selected and the indemnity should the patient address
aprovider outside of the health plan. Healthinsuranceisassumed to be compul sory.

There are two providersin the market for provision of health care. Consumers
have preferencesover providers. To describethese preferences, we assume providers
to be located at the endpoints of the segment [0,1].

Consumers benefit from a health insurance system (public or private), hereto-
fore the insurer, which provides an indemnity in the case of illness. Whenill, con-
sumers demand one unit of health care. |n each period, there are consumersin every

point of the segment [0,1] that need care. That is, consumers are uniformly dis-

3Seea sotheintroduction to the JEM S second special issue on theindustrial organization of health
care by Maand McGuire (1997).



tributed in terms of their preferencesfor providersalong theline[0,1], with density
one.

The insurer has an arrangement with provider A (located at zero), which im-
plies that individuals pay only ¢% of price in case of choosing this provider. The
remaining (1 — ¢)% of total health care cost is paid by the insurer. We assume that
¢ > 0, that is, insurance contracts do not provide full insurance. If the consumer
choosesthe other provider, several options may have been specified in theinsurance
contract: (i) the consumer has to pay the full price (no insurance is given); (ii) the
insurer pays the amount that it would pay were provider A chosen (as long as the
price of provider B exceeds that amount, otherwise it pays the amount charged by
provider B); and (iii) give the same co-insurance rate, meaning that no preferential
treatment exists. Thislast case correspondsto asystemwheretheinsurer treats both
providersequally, andinfact providesthe sameinsurance level whichever provider
isselected. Thereisno preferred set of providers. Thethree cases differ only inthe
amount of reimbursement given to consumers who choose provider B.*

Providers set prices and qualities of the services provided freely, unless oth-
erwise stated. Denote by P, the price and by T; the quality selected by provider
i,,7i = A, B. The production cost of health care is normalized to zero. The utility

of aconsumer located at 2 when choosing provider i, V (i, x),i = A, B isgiven by

V(A,x) =Y + Ty — Pac —tx; V(B,z) =Y +Tp+1—-t(l—x)— Pp

where Y isincome, ¢tz is the cost of going to provider A, measured in monetary
units (similarly, (1 — z) isthe transport cost of choosing provider B), and I isthe
indemnity received when selecting the out-of -plan care provider (provider B isour
model). Itisrequired that I < Pgp for consistency with the less-than-full insurance

assumption (¢ > 0). In the above-mentioned cases, we have:
e (i) I = 0; Thisisdenoted as “ pure preferred” provider system (PP);

e (ii) I = (1 — c)Py; Itiscaled “fixed co-payment” system (FC);

4As stated above, in this paper we are not dealing with providers' feesin the spirit of e.g. Glazer
and McGuire (1993). We address thisissue in our companion paper, instead.



e (iii) I = (1—c)Pp; Thisisnamed “fixed reimbursement rate” system (FRR).
The three cases can be easily included in the slightly more general specification:
I =o(l —c)Ps+ BPp(1—c), acl0,1,8€0,1],a+p<1

Case (i) implies (« = 0,8 = 0), case (ii) implies (« = 1,3 = 0), and case (iii)
occursfor (o = 0, 5 = 1). A consumer goesto provider A if V(A,z) > V (B, z).
Thisallows usto define =’ such that for z < 2’ consumers select provider A, while

for z > 2/ provider B is selected.

3 Price Competition

Take qualities as given and equal, 7; = T,i = A, B. The demand each provider
facesis determined by the location of the consumer indifferent between provider A
and provider B. The indifferent consumer is defined by

1 kPp—uPy
— - MBRTA 1
TERt Ty &)

wherepy =c+ (1 —c)a,k =1—-0(1 —c¢),u € [¢,1], k € [c, 1]. Parameter values

for the different cases are summarized in Table 1.

Table 1: Critical parameter values

| Ko
FRR|a=0,=1|c¢c c
FC |a=106=0]1 1
PP a=0,=0]1 ¢

Demand directed to provider A issimply x, while demand faced by provider B
is1 — z. Under the assumption of zero production costs, profits of each provider

are.
By = zPy; Bp=(1—x)Pp

The system of first-order conditions for profit maximization on price decisions can

be solved to get the equilibrium prices:

Py=t/u;  Pp=t/k.



The following characterization comes out directly:

oPy 9Py 0Py 0Py _ 0P, _ OPp
ge ~% %5 =% 8. =% %5 " <0 %

The equilibrium prices were obtained under the assumption that the requirement

1
PAZPB’ <0,17:§

I < Pgp holds. It is straightforward to show it to be implied, evaluated at equilib-
rium values, by ¢ > 0 (the no-full insurance assumption). Equality of equilibrium
prices holds for the corner case of o + 3 = 1, which occurs for both fixed reim-
bursement and same co-insurance rate to consumers.

Define total payments of the health care systemas7C' = Pax + Pp(1 — ),
which yields, at equilibrium values, for the different cases, the amounts reported in
Table 2. Some qualitative features emerge clearly. First, for a mixed health care
provision market, it does, indeed, matter how reimbursement is made to the private
provider. In particular, theway theinsurer payswhen consumersopt the out-of-plan

care provider influences the degree of competition in the market.

Table 2: Equilibrium under different rules

Reimbursement to

Provider A Provider B Prices Profits Total payments
(1-c)Py 0 Py=t/ec,Pp=t Bjy=t/2¢,Bp=1t/2 (1+1/c)t/2
(1—c)Pys (1 —c)Py Py=Pg=t By=Bp=1t/2 t
(1—C)PA (1—C>PB PA:PB:t/C BAZBB:t/QC t/c

Setting (o« = 1,3 = 0) gives the same amount of reimbursement, defined
by preferred provider, to whatever provider the consumer selects. This implies a
lower payment to be made by the insurer than providing no insurance if an outside
provider is chosen. The intuition behind the result is clear. Giving no insurance
to outside providers softens competition to the preferred provider, which naturally
induces it to carry higher prices. Reimbursement of some amount to the outsider
provider createstougher competition between providers, creating the conditionsfor
lower prices. Notethat in our stylized model, all effect is carried out in the price of

the selected provider. This needs not to be true in more general settings.®

SExtending the model to allow the possihility of the price being negotiated with the insurer does
not eliminate this effect.



Ancther result obtained is that, according to the criterion of minimizing over-
all payments, excluding reimbursement to the outside provider’s consumersis bet-
ter than giving a co-insurance rate ¢, independent of the provider selected by the
consumer. The reason is, again, the effect on the degree of competition, induced
by giving some reimbursement to outside providers. On the other hand, giving the
same co-insurance rate whichever provider is selected, softens price competition
between providers, which resultsin a higher price level. The basic intuition is that
making the amount reimbursed (not the rate of coverage) equal for both providers
maintains competition at the margin. This basic mechanism will be present in the

more general framework with quality choices, explored below.

4 Social welfare

We define welfare as the sum of consumer surplus and provider surplus, i.e.
T 1
W= [+ Ta—00de+ [ (4 To 0= 0)dx - 9(Ta) - o(T)
0 T

- Y+TAx+TB(1—m)+t(x—x2 - %>—¢(TA) — $(Tp) )

where¢(T;), with¢' > 0, ¢” > 0, isthecost function of quality level T; of provider i.
Implicit in this setting is the assumption that quality isa* public good” at each
hospital. Although this assumption is probably applicable to many of the elements
of quality our paper deals with, it also raises the possibility that only one provider
might be optimal.® We can advance two arguments to cope with thisissue. On the
one hand, our main interest here is to analyze the role of different reimbursement
schemes on the competitive process among providers. On the other hand, if we are
to understand the optimality of a single provider as just closing down one hospi-
tal, say B, and compare the welfare level achieved with provider A located at zero
Versus our two providers, it is easy to check (assuming ¢(7') = 072 /2) that at the
optimal value, two providersyield a higher level of welfare. Thiswould not be the

caseif the planner is allowed not only to close down one provider but to choose the

\We acknowledge an anonymous referee for drawing our attention to this point.



location for the remaining one as well.”
Now we analyze the optimal (first best) decision in terms of quality levels and
demand distribution between theproviders. That is, welook at thevector (z, T4, Tg)

maximizing the welfare measure (2). The system of first-order conditionsis given

by,

Ty —Tp+t(1 —22) =0, (3)
x—¢'(Ta) =0, 4)
(1—=)—¢'(Tp) =0. ®)
Solving for x, we obtain
_t+Ta—Tp
2t

Thus, the socially optimal quality choices are given by

t+1; —T; . .
——L =), ij=ABi#]
Given the symmetry of these conditions, in equilibrium it will bethe casethat Ty =
Tp = T*%. Hence, the optimal value T** is determined by ¢'(T°) = 1/2. It dso

resultsthat x* = 1/2. This constitutes our welfare benchmark.

5 Priceand Quality Competition

Having highlighted the main features associated with price competition and social
optimum in the previous sections, we are now in a position to investigate the ef-
fect of different reimbursement rules on the choice of quality of providers, under
two different timings for decisions. The natura interpretation of the simultaneity
or sequentiality of decisions by a supplier of any good or service has to do with
the distinction of (low-cost) short-run decisions versus (high-cost) long-run deci-
sions. In our framework, a provider smultaneously deciding both the price and

quality levelsillustrates well a situation where the decision on quality is as easily

"Of course, high-enough fixed costs will also make optimal the single-provider market structure.
Still, under zero fixed costs, the point deserves some attention. Details on the argument can be found
in ‘http://ppbarros.fe.unl.pt/papers.html’.
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reversible as the one regarding the price. This makes sense for primary care ser-
vices (first-level providers) where investments in facilities are relatively small. In
contrast, asequential decision better illustrates the situation of specialized care ser-
vices (second-level providers) where investment decisionsin e.g. surgery rooms or
high-tech instruments, are necessarily long-term decisions. Therefore, both simul-
taneous and sequential decisions on prices and qualities have some appeal .

Demands are again defined by the indifferent consumer:

1 Ty-T kPp — pP
L 14 B_'_BNA’

_ 1 6
=3 2 2 ©)

where 1 and x carry the same expressions defined above. Profits of each firm are

given by:
BA:PA$—¢(TA); BB:PB(l—a?)—(Z)(TB).
5.1 Simultaneousdecisions

Under simultaneous choices of prices and qualities by both providers, the equilib-

rium is given by the solution to the following set of first order conditions:®

9By _ 1+TA—TB+HPB—MPA_MPA:0
O0P4 2 2t 2t 2t ’
0B P

T = o 9T =0

% _ %_’_TB;tTA_I{PB;tuPA_%PB:O’
% = %_GZ)/(TB):O

We solvefirst for equilibrium prices, conditional on qualities, and then for qual-
ities. It is straightforward to show that:

1 Ty—T 1 T —T
PA——<t+u>; PB——<t+37A>. )
u 3 K 3

8Second order conditions require 4tu¢” (Ta) > 1 and 4tk¢” (Ts) > 1, which we assume to
be satisfied. We also impose ‘stability’ conditions (Dixit 1986), which amount to (6tx¢” (T )k —
1)(6tud” (Ta) — 1) — 1 > 0. Later on, these conditions will be used to sign comparative statics
results.

11



Then, the quality decisions are characterized by:

Ty —Ta\ 1 ,

<t + T) ﬂ = ¢ (TB)a (8)
Ty—1TR 1 ,

<t + T) % = ¢ (Ta). 9

Each of these conditions defines a best-response function in the space (74, Tg).
These best-response functions are downward sloping, as qualities are strategic sub-

stitutes. Figure 1 illustrates the three equilibria.

s

Figure 1. Equilibrium choice of quality.

For the case of fixed co-payment (a« = 1,3 = 0), itisthecasethat Ty = T,
from which it follows that P4 = P = t¢. By comparative statics on first order

conditionsit is the case that

OT'A 0Tp .aTA .6TB
9 <0, o > 0; a9 < 0; a5 > 0.

Consider now the scenario in which consumers pay the same proportion of the ex-

penses (fixed reimbursement rate) they generate regardless of the provider at which

they are attended. Teke (3 = 1, = 0), which impliesthat 1 = x = ¢. The

12



equilibrium qualities are defined by the solution to equations (8) and (9). From the
symmetry of these two conditions, it must be the casethat 74 = Tp = T* (and
equilibrium pricesare also equal). Hence, the solution to the optimal quality choice
problemis ¢'(T*) = 1/(2¢). Naturally, at this symmetric equilibrium, demand is
shared equally by both providers. It remains the case of pure preferred provider
(e = 0,8 = 0), which leads to an asymmetric equilibrium. In this equilibrium,
quality of provider A exceeds that of provider B, and Py > Pg.° The preferred
provider achieves a higher market share.

This equilibrium exhibits comparative statics properties that differ from those
of the “preferred provider” contract. In thiscase, 9T;/0c < 0. That is, an increase
in the co-payment rate, meaning that individual s pay more at the point of consump-
tion of health care, implies lower quality of both providers. As price competition
becomes stiffer, providers use less the quality level asacompetitive instrument for
attracting consumers, relying more on the price instrument.

The differencein the comparative staticsis due to the way selection of provider
B istreated. In the preferred provider contract, the consumer going to provider B
receives an amount independent of provider B’s price, while thisis not true under
the fixed co-payment rate.

Intuitively, the results stem from the following. When the same co-insurance
rate is given, no matter the provider selected by the patient, price competition is
relaxed. Both providerswill set high prices. In addition, quality becomes the main
way to attract patients. Therefore, providerswill invest in it heavily. The fixed co-
payment contract has someinteresting properties, aswell. Thistype of schemedoes
not change, at the margin, the incentive of provider B (the excluded provider) to
price aggressively. Charging a higher price implies the same demand response as
inthe absence of reimbursement. Marginal effectsto provider B’spricechangesare
unchanged. The important differenceliesin provider A’sincentives. Increasing its
price now hastwo effects. Thereisadirect changein demand, asit becomesamore

costly provider. But asecond (indirect) effect comesinto play: the share of theprice

*We also impose ¢’ (T'a) < 1toensurethat Ps > (1 — ¢)Pa.

13



paid by the patient when he chooses provider B decreases, making thislast provider
relatively more attractive. This further reduces the demand to provider A. Itisin
the interest of provider A to have a more aggressive pricing behavior. Thus, the
symmetric equilibrium under this rule entails lower prices and lower equilibrium
gualities. Finally, sincein the case of no reimbursement if provider B is selected, it
is clear that there is a competitive asymmetry created between the two firms, with
an artificial advantage given to the preferred provider. Hence, naturaly, provider A

will have ahigher pair quality-price than will provider B.

5.2 Sequential decisions

It isnow timeto look at the case of sequential decision making. Providers choose
quality levelsfirst, which are observed by everyone, and then set prices. The game
is solved by backward induction as usual. Second-stage prices are equal to those of
(7).

First-order conditions for the choice of qualities are:

3t +Ta — Ty ,
_— frg T
o1 ¢'(Ta),
3t + T — T ,
oroB A Tx).
9tk qb( B)

These conditions imply the same qualitative features of the equilibrium as in the
case of simultaneous choices, and we will not repeat them here. The more substan-
tial point is that qualities are lower in this case. Sequential decision making leads
to lower equilibrium levels of quality than do simultaneous decisions on price and
qualities.

Consider that afixed co-payment schemeisimposed. From substitution of (o =
0, 8 = 1) and symmetry of first order conditions, at the equilibrium 7y = Tg = T
with 7' defined implicitly by ¢/(1) = 1/(3¢). At this symmetric equilibrium de-
mand is shared equally between both providers. Similarly, for (« = 1,5 = 0), a
symmetric equilibrium arises, with quality choice given by ¢(T') = 1/3. Asto the
remaining case, (e = 0, 5 = 0), theadvantage given to the preferred provider again

induces an asymmetric equilibrium, where provider A has higher quality. Equilib-
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rium prices follow the same pattern as the case of simultaneous decisions.1®

5.3 Propertiesof equilibria

Oneof themost controversial issuesin financial arrangementsfor provision of health
careisthe effect on quality. In thisrespect, the model provides the results summa-
rized in Table 3.
Table 3: Equilibria properties

Provider A Provider B

i PP FRR FC | pFRR FC PP
Prices | Py* > Py > Py~ | Pg"" > Pg™ > Py

Qualities | THF > TI'EE > TFC | TERR & TEC 5 TPP
Note: the rankings hold for both simultaneous and sequential games.

Intermsof qualities, the simultaneous (or sequentia timing) does have an effect
on the comparison with the social optimum. The same ordering of schemes occurs
in both timings. The main difference between the two timings lies in the fact that
quality choices are further distorted by the strategic incentive introduced by the se-
guential move. Equilibrium qualities are lower, holding the reimbursement system
constant, in the sequential game relative to the simultaneous one. Under simulta-
neous decisions, it is easy to check that 7" = TFC. That is, the social optimum
choiceisachieved by afixed co-payment rule. The other alternatives lead to exces-
sive quality (relative to the social optimum) of provider A. Provider B will have
too high or too low quality, according to whether a fixed reimbursement rate or a
pure preferred provider system is adopted, respectively. Table 4 summarizes.

Animportant result to collect isthat the optimal level of quality isachieved by a
system that reimbursesthe amount defined by the preferred provider to any provider
selected by the patient. Here, the preferred provider fulfills the role of areference
to definition of out-of-plan indemnity rules by the third-payer.

It isimportant to recognize why the fixed co-payment system performs better.
The existence of insurance makes demand |ess responsive to price and allows for

higher prices and competition on quality, rendering too much quality from a social

91t is now required 2/3 > ¢/ (Ta) to ensure Pg > (1 — ¢) Pa, a the equilibrium.
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Table 4. Comparison with the socially optimal quality levels

FRR FC PP
Simultaneous game Provider A + = +
Provider B + = -
Sequential game Provider A + - +
Provider B | + ? 2

Notes: +/- means higher/lower quality than the socia optimum.
“?" means indeterminacy in the comparison.
The sequential game analysisisvalid only for ¢ < 2/3.

point of view. Trying to correct these incentives by setting a preferred provider,
with no reimbursement if the excluded provider is chosen, creates pressurefor price
competition. Thisis especialy true for the excluded provider. However, as a side
effect, it givesan important competitive advantage to the preferred provider. Reim-
bursing the patient by a fixed amount, regardless of the provider he seeks, with the
amount defined by the preferred provider’s price, mitigatesthis artificial advantage.
At the same time, it introduces incentives for tougher price competition. Thisisso
because a higher price of the preferred provider also increases the amount received
by the patient if he seeksthe outside provider. This has a negative effect on the de-
mand of the preferred provider. It creates a dis-incentive for a higher price of the
preferred provider.

One implication of the model is that, under some possible type of contracts,
guality would be asymmetric across providers. In particular, the preferred provider
would exhibit higher quality than would the pure private provider. This equilib-
rium feature is usually deemed to be an unfair and undesirable.™r Whileit is not
difficult to agree that for small problems people can (and do) make a trade-off be-
tween quality, cost and horizontal differentiation effects (such as travelling time),
for more severe problems the main worry is quality of care, and therefore one may
think that our argument (and model) does not apply.

Thisobjectionistrue, up to apoint — peoplewith more severeillnesseswill lean

towards the higher quality provider. Nonetheless, the main features of the model

Hsee, in adifferent context, the discussion between Selden (1997) and Blomgvist and Johansson
(19974, 1997b).
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are il valid, as we may extend the model to introduce marginal value of quality
asincreasing inillness severity.'?> Moreover, the existence of two qualities remains
as an equilibrium for some types of contract.

Astothe sequential decisionstiming, Table4 presentsthe comparison of quality
to the social optimum. We have in mind a small ¢ in order to have arelevant role
for insurance in protecting consumers from risk, meaning that ¢ < 2/3 isthe more
likely situation.'® Except for the fixed co-payment scheme in the sequential game,
quality of provider A isnever below the socia optimal one (aslong asc < 2/3).
The other robust feature isthat afixed reimbursement rate induces too much quality
on the part of both providers, whatever the timing.

Summarizing, in terms of short versus long-run decisions, we can see that en-
forcing afixed co-payment system allowsthefirst best solutionintheprimary health
care sector (simultaneous decisions) to be reached. Also, thereis ho way to attain
such an outcome in the specialized care sector (sequential decisions) without regu-
lation. We take thisissue up in the next section.

We cannot say anything about prices in comparison with the social optimum.
Asthey are atransfer from one set of agents to another, both carrying equal weight
in the socia welfare function, such transfers have no social value. If a somewhat
higher social valuation is given to adollar in the pocket of consumers, then prices
will betoo highfromasocial point of view, although no distortion to quality choices
arises.

Our mode! also contributes to the discussion of moral hazard effects in health
care markets.** Moral hazard is usually seen as providing too much quantity dueto
theinsurance protection at the moment of consumption. Thereistypically, no focus
onthe choiceof provider. Infact, the choice of provider istheresult of akey tension
inour society, aswe strive to balance the freedom to choose against the need to hold

down costs. Thus, thereisa (potential) moral hazard of provider choice, which can

L2 full proof of this claim is available from the authors at http://ppbarros.fe.unl.pt/papers.html.

3The values of ¢ are typically around 20% to 30%, well below the threshold. For ¢ > 2/3, we
have underprovision of quality in all reimbursement systems, except for provider A in PP, where the
comparison is ambiguous.

14We thank areferee for drawing our attention to this point.
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be addressed in the model.

Under the fixed reimbursement rate contract, we have (apparently) more insur-
ance. Nevertheless, this contract means lower price sensitivity on the part of con-
sumers. Inturn, providersare ableto charge higher pricesand usetheir quality level
to attract patients. Moral hazard, given fixed total demand, appears through higher
prices and higher (than socialy optimal) quality. Moreover, comparing the fixed
reimbursement rate system with the fixed co-payment system, we find that, in equi-
librium, the patient pays more (has less insurance) in the former than in the latter.
Since equilibrium prices are different, risk borne by patientsis also different and it
is greater in the fixed reimbursement rate contract.

Besides this mora hazard aspect, we have another one. Under the preferred
provider contract, choices of patients are distorted relative to the first best. Thus,
thereis a (non-monetary) cost borne by patients. Offering zero reimbursement for
out-of-plan care may excessively harm the freedom to choose (showing up as wel-
farelossfor those patients closest to the alternative provider). Thisaddstothemoral

hazard problem in quality choice.

6 Public Leadership.

In this section, we intend to deal explicitly with the the mixed public/private pro-
vision of health care. We have seen so far that without the intervention of a public
agency, competition between two profit maximizing providers (regardless of being
public or private) very seldomly yieldsoptimal (welfare maximizing) levelsof qual-
ity inthethe market game. Since quality should beregarded asamain goal in health
care markets, we next propose to introduce some degree of regulation in the model.
Thus, agovernmental body (e.g. National Health System) sets the co-payment ap-
plied to patients and regul ates the quality and/or price of the preferred provider by
direct operation in the market (turning it into a public provider).

Wefed that areasonableway to analyzethis scenario isto assign the leadership
to the public agency in deciding on the value(s) of the strategic variable(s). We can
think of two possibilities regarding the regulatory power of the public agency. In
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one case, the public agency sets the price and quality levels of the public provider
(leader) to maximize welfare, and the private provider adjusts its decisions condi-
tional upon the former. In the other case, the public agency decides the (welfare
maximizing) level of quality of the public provider. Then, the private provider will
select its quality level and finally both providers will compete in pricesin a mixed
oligopoly fashion (i.e. the public firm choosing a price to maximize welfare, the
private one choosing a profit maximizing price).

These two alternative ways of operating in the market illustrate two phenom-
ena. First, we can envisage regul ation more as a concern of the public agency with
regard to the servicesit provides at the different levels of provision (and therefore,
regardless of the presence or absence of private providers).

Second, the comparison of the results of two aternative ways of regulating the
market will shed light on (some of) the consequences of the present health care
deregulatory wavein Western European countries. From asituation wherethe health
care market was heavily regulated both in terms of prices and qualities, we are wit-
nessing a move towards encouraging competition between providersin the hope of
achieving some cost containment goal. Thiscompetition takes different forms,from
leaving the management of public hospitals to private firms, to competing for pa
tients through advertisement campaigns (especially through physicians and insur-
ance companies) on the quality of the different services a particular hospital pro-
vides. Nevertheless, the public agency commits to the welfare maximizing objec-
tive by setting the corresponding level of quality on the public provider and by en-
couraging competition in prices on the basis of amixed oligopoly market.

Severa papers have addressed the welfare consequences of a mixed oligopoly
inavariety of circumstances. White (1996) analyzes the consequences of a privati-
zation process in amixed oligopoly to find that welfare is not changed if subsidies
are used before and after privatization, while subsidies damage welfareif used only
before privatization. George et a. (1996) study the interaction between a public
firm and a private one when the former has a higher marginal cost than the latter.

They show that when the public firm acts as a Stackel berg leader, partia privatiza-
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tion may be welfare improving. Delbono et al. (1996) show that a public leader in
the quality stage serves the upper segment of avertically differentiated market. In
asimilar context, Grilo (1994) proves that when firms have increasing costs with
respect to quality an optimal solution can be achieved using the public firm as a
market agent. Finally, inamodel of horizontal differentiation, Cremer et al. (1991)
compute the number of private firmsin amixed oligopoly with one public firm that
makes it socially preferable to a pure private oligopoly. General surveys of earlier
literature are Nett (1993) and de Fraja and Delbono (1990).

Under either interpretation, the goal of the analysis is to examine whether the
mixed oligopoly structure of the market yields socially optimal results. The ques-
tion we ask is whether owning a provider, together with definition of out-of-plan
indemnity rules, gives a sufficient set of instrumentsto achieve thefirst best alloca-

tion.

6.1 Stackelbergleadership

Consider aregulator deciding onthelevelsof priceand quality of the public provider
that maximizes the welfare function given by expression (2). Provider B, aprivate
one, takes this price-quality vector as given and acts as a Stackelberg follower to
determine its profit maximizing price-quality pair. Obtaining the equilibrium con-

figuration is more demanding now. For simplicity, we assume
o(T;) = OT7 /2.

Asstandard, we solvethe model by backward induction. Inthethird stage, provider’'s B

decisions (best-response functions) are given by

8BB 1 TB—TA HPB—MPA K

P p—— = — - - —P = 0
OPg 5T T % ot ot BT
OBp Py

=B _ B g1y —.

oTx ot B
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Solving this system we obtain,

Th—t— uPy
T, = ——m——— 10
B 1—4kth (10)

Pg = 2t0Tp. (11)

Provider A’saimisto choose aprice-quality pair to maximize welfare. That is,
the program to solve is to maximize the welfare function (2) where z, T and Pg

are given by (6), (10) and (11) respectively. Solving for the first order conditions

we obtain,1°
1 — 2k + K2t0
Thi=—2 "7
4 /5% ’
., (Ot —1D)(2r%0 + Kk —1)
PA = 5
uoY

where Y = 1—2k—r2+2k2t6. Inturn, by substitution, we obtain the provider B’s
equilibrium values,

. k(-1 N .
These equilibrium values are well-defined if t6 > 1. At these equilibrium values,

provider A’s market shareis given by,

. 1—2r+r%t0 _ 1
r=—>—.
T =2

Finally, profits are given by

(K20 — 25 + 1) (2 — pu — 2t0 — k20(4 + p — 420) + 26(t0 — 1 + p))
20672 ’

By =

K2(t0 — 1)%(4kt0 — 1)
By = 2072

Clearly, private provider’s profits are positive if t§ > 1/4x. Also, the levels for
the public provider decided by the regulator have to ensure that its profits are non-
negative, that is2 — p — 2t0 — k2t0(4 + p — 4t0) + 2k(t0 — 1 + p) > 0. It
is easy to verify that this condition is satisfied for the preferred provider and fixed

co-payment rules. 1

Al proofs and second order conditions are reported in the appendix.
1For the fixed rate of reimbursement, an extra condition has to be imposed. See the detailsin the
Appendix.
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The comparison of both providers' decisions (for x < 1) yields,

1—

K
P — Py > 0if to {1,7
A B > > max 2/&(&—#)

}for/f;éu,
P) — P; < 0for k= p,

. 1
TH - Tk >0if th < —.
K

We proceed now to compare the equilibrium qualities (for x < 1) with the socially

optimal values:

5 -1V >0,

. 1+x
T — TV >0if to > .
B - - 2K

Figure 2 showsthe relationships among the different quality levels parametrized by
k< 1. Thecaser = lyieldsT; =T} = TV, uP; = Py, and hence, z* = 1/2.
Thus, public leadership and < = 1 is sufficient to achieve the first best allocation.

Ak 1
2K K
l
I

i > Ot
TB<TW<TA TW< Tg< Ty TW<T,< Ty

Figure 2: Equilibrium quality levels (k < 1).

Remark 1. Summarizing,

e For x < 1, thepublic provider (Stackel berg leader) offershigher quality than
the socially optimal one and obtains a higher market sharethanitsrival; the
private provider (Stackel berg follower) offershigher quality than the socially
optimal oneif t0 > (1 + 2k)/2k.

e For k = 1, that is, under the fixed co-payment and preferred provider rules,

the social optimum choice of qualitiesis achieved.

We can think about these conclusionsturning them around inthefollowing fash-

ion. Assume the socia planner setsthe optimal quality level at the public provider
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and chooses the reimbursement rule that would lead the private provider also to
choose the right quality, that is, the one attaining an optimal division of patients
between the two providers. Then, the planner would choose either the fixed co-
payment or the preferred provider rule. Therefore, the first-mover advantage, to-
gether with the fact of being a public provider, plus the choice of the reimburse-
ment rules, join to become a sufficient set of instruments for achieving thefirst best
alocation. The public leadership allows the distortion introduced by strategic con-
siderationsin the sequential gameto be overcome.’ It turns out that the fixed reim-
bursement ruleisinferior to any of the other systemsin terms of achieving socially
optimal qualities.

Asthesetting of preferred providersor thefixing of co-payment rulesboth achieve
optimal qualities, the selection of the best system needs some further criterion. Us-
ing the payments made to providers as an additional criterion , it turns out that a
fixed co-payment system does entail lower total payments than does a preferred
provider system. Therefore, under this additional criterion the fixed co-payment

isagain a superior way of setting reimbursement rules.
6.2 Semi-sequential equilibrium.

Thereisanother senseinwhich the public provider can act asaleader. Wecall it the
semi-sequential game. Thisis athree-stage game where first the regulator selects
T4, then provider B selects Tz and finally, both providers compete in prices. This
timing means that provider A acts as a leader in the choice of quality, while price
choices are simultaneous. The public provider maximizes social welfare, subject to
non-negativity of profits, while the private provider maximizes own profits.

Equilibrium pricesin the third stage are given by:

t—Ta+T, t—Ta+T
Py = ﬁ; Py = ﬁ.
7] K
Provider B’s profitsin the second stage of the game are
0

BB(TB> = PB(l - (L‘) - §Té

171t should be stressed that leadership only or public ownership without | eadership do not constitute
sufficient instruments.
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The second-stage optimal decision yields

Ty
kOt —17

B

Second order conditions require k6t > 1. Going back to the first-stage decision,

maximization of social welfare leads to the quality choice of provider A given by

24 (2— 4RO + K2t260?

— 4 _ 2 _
oA , A =4 — 4kt + k7t6(2t0 — 1) > 0.

Th

Substituting this optimal choice for the second-stage optimal decision and feed-
ing both back to the third stage, we obtain the remaining equilibrium values (well-
defined since td > 1/k):

200 — 1)(kth — 1)

. 2kt(t0 — 1)(Ktd — 1)
Tp = m , =

T\ ’

2t(t0 — 1)(kt0 — 1
py, _ 2110 = 1)(st0 1)

P A

Finaly, profits are given by,

CAOkE(t0 — 1) — 4+ K + TR0 + £3°0° — K20(1 4 461)]

Ba 2102
(2 + 2(1 — 2k)t0 + £2126)°
B 2ubHA2 ’
By _2(t0 - 1)%(ktf — 1)3
A2

Provider B’sprofitsarepositivesince xtf > 1. Comparing the providers' decisions

we obtain,
Py —P;>0ifc>p, Th—Ts>0iftd <2/k.

Finally, we compare the equilibrium qualitieswith the socially optimal ones, to

obtain;

. 2
-1V >0, T5 -1V >0ifot> ;“.
K

In this case, the following is established

Remark 2. Itisnot possible to attain the social optimal values in the three-stage

game. In particular, thepublic provider always offersa higher quality level thanthe
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socially optimal one (in the range of parameter swhereits profits are non-negative).
In turn, the follower provider also offers a higher quality level than the socially

optimal onewhen 0t > (2 + k)2k.

We can identify somefeatures common to both cases of publicleadership. First,
the public provider sets an excessive quality from the social point of view. Second,
thereisarange of parameters under which the excluded provider hasaquality level
below the socia optimum. And, third, there isarange of parameters where quality
of the private (excluded) provider exceeds that of the public (preferred) provider.
Therelative quality level of the private provider is determined by the magnitude of
ft. Intuitively, a high value of 8 means high cost of quality provision, and a high
value of ¢ means high costs of horizontal product differentiation. Thus, when qual-
ity ismore costly and horizontal differentiation relatively more important, the pub-
lic provider usesit lessintensively than doesthe private provider. Thisaccountsfor
the reversal of relative positionsin quality choices.

Overall, leadership by direct operation of one provider does not ensure achieve-
ment of the social optimum, dueto the strategic effectsresulting from the sequential
nature of thedecisions. Only under Stackelberg leadership and for aparticular set of
reimbursement rules are the social optimum qualities achieved. Morover, the fixed

co-payment system is again the best one.

7 Final remarks.

We have analyzed how a private market outcome for provision of health careisin-
fluenced by the insurance arrangements typical of health care financing. In partic-
ular, we have looked at the rules defining, or not, preferred sets of providers. In
addition, Government action can go beyond setting reimbursement systemsto con-
sumers. Ownership of aprovider that competesin the marketplace with pure private
providers, is one such possibility.

We identify providers making simultaneous decisions on prices and qualities
as an approach to the primary care sector, while sequential decisions (first qualities

then prices) approaches the specialized health care sector. Our main conclusion is
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that enforcing the fixed co-payment rule on the primary health care sector isenough
to make providers choose the optimal (welfare maximizing) pricesand qualitieslev-
els. Incontrast, in the specialized health care sector we need to consider aregulated
(public) provider to reach the first-best solution in prices and qualities and imple-
ment either the fixed co-payment or the fixed reimbursement rules.

We now turn to the implications of our model for health system organization.
All governments in European Union Member states have looked at ways to con-
tain health expenditures. Direct and indirect controls over health care providers
have been imposed in some countries where co-payments play an important role.
In severa countrieswe find controls on prices (pharmaceuticals, per-day treatment
in hospitals), whilein others no such controls exist. Co-payment changes have been
frequent in European countries, mostly limited to the value of the co-payment while
maintaining its structure (fixed reimbursement rates).'®

Moreover, co-payments are designed with insurance coverage in mind (typi-
cally, they havean upper limit). No role asamarket mechanism underliesthe choice
of the structure and the value of co-payments. Thus, according to our model, the
relative unsuccessful episodes of cost containment through co-payments is not to-
tally surprising. The structure of the co-payment has been kept constant, while our
results highlight the fact that changing its structure would have a greater impact.

The market most closely related to our setting is the pharmaceutical market.
Reference prices, present in several countries, aremuch in the spirit of our approach.
Under areference price system, asingle priceis set by the insurer (government or
other institution) for a group of similar products. Any excess above the reference
price has to be paid by the patient. Companies have freedom to set their pricesin
those countries which have adopted reference price systems. One objective behind
the adoption of areference price system has been to foster competition in the mar-
ket. Several countries use this system (New Zealand, Germany, The Netherlands,

Denmark, Sweden and Italy). Providers (pharmaceutical companies) have argued

185ee Mossialos and Le Grand (1999) for an overview of recent experimentsin cost containment
in European countries.

1SeeBloor et al. (1998) for ashort review of reference pricesand Mosssialosand Le Grand (1999)
for amore detailed discussion.
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against the reference price system on the basis that it distorts clinical decision mak-
ing and limits freedom of choice. Our analysis showsthat in thisrespect afixed co-
payment system performsaswell asafixed reimbursement rate system, and addsthe
advantage of tougher price competition among providers. It also revealsthat exclu-
sion of some providersfrom the reimbursement system (the pure preferred provider
case) does induce distortions in the decision to visit a provider, which can be seen
as limitations on the freedom of choice.

Although the pharmaceutical market isavery good application of our analysis,
wedo believeit can beappliedinafruitful way to other providers. For example, vis-
itsto genera practitioners in some countries (e.g. Ireland, France, Portugal, Swe-
den) are associated with co-payments, aimed at demand control. Aslong as GPs
retain some control over the pricesthey charge, namely in private practice, we sug-
gest that fixed reimbursement rate regimes should be changed to fixed co-payment
systems.

Our analysis underscores the role of rules defining preferred providers in the
way health care markets operate. We believe that our model is a useful framework
in which to address market interactions in health care markets where both private

and public providers are present.
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Appendix

Simultaneous decisions

We claim that
0T _ 0Tg _ 0T _ 0Tg
@a< : 90 > 0; 6ﬁ<0’ a5 >0

The equilibrium choices of qualities, after solving for prices and substituting them

in the remaining two first order conditions, are determined by

v = 3t4+Tp —Ta—6t¢'(Tp)x =0

vA = 3t4+ Ty —Tp — 6t/ (Ta)pn =0
To sign comparative statics results, we first impose ‘ stability’ requirementsto this
system (as described in Dixit 1986).

This amounts to thinking of an adjustment process where each firm increases

its quality at agiven pair (T4, Tg) if v > 0:%0
j_‘i:PYiVi(TAaTB)v Z:A7B

wherey; isthe adjustment speed. Linearizing around the equilibrium (77, T'5) with

afirst order approximation:

d A v %
[TA}: TAgTy Aoy [TA—TA]
T ’YBgVTA VB Q;B Tp—Tg

For stability requirements to be independent of adjustment speeds, we need:

o ovB

il 7 <0
<0 am <

vt ovB v ouPB

T, 0T oTp 0T, "

The second order conditions imply

oA <0 ovB <0
0Ty ’ 0Tg

DFor asimilar analysis, although in a different context, see Henriques (1990).
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Therefore, the extra condition we imposeiis:

(1 —6tug”(Ta)) (1 —6trg”(T)) —1 >0

We are now in a position to investigate some comparative statics results. Total dif-

ferentiation of the reduced-form reaction functions 4 and 'Z yields:

dig —dTy = 6t¢”<TB)I€dTB + 6t¢/(TB>dlﬁi

dl’'y —dI'p = 6t¢”(TA),u,dTA + 6t¢/<TA)du
Rewriting:
1 6tﬁ¢//<TB) —1 dTB . —6t¢I(TB>dl€
6t¢" (Ta)p — 1 1 dTy | | —6t¢'(Ta)dp

Solving for the changes in the two endogenous variables, we get:
6t¢'(T'a)(6t¢" (T's)k — 1)dp + 6t¢' (Ip)dr
(6t¢"(Tp) — 1)(6t¢" (Ta)p — 1) — 1
6t (Ta)dp + (1 — 6tpg" (T'a))6t¢' (Tp)dk
(6t¢"(Tp) — 1)(6t¢" (Ta)p — 1) — 1

From the above condition, it is straightforward to see that

dT's

dlp =

dT'4 d1p dT'y dls
— <0 — >0 — >0 — <0
du < du ~ dk > dk <
It also follows that
dT'4 ' dTy ) 0Ty ) 0Tp
o < 0; da>0’ a5 < 0; a5 >0

Sequential decisions

In this case,

vA =3t + Ty — T — 9tug' (Th)

VB =3t + Tp — T — 9tr¢' (Tp)
The associated stability conditionis:
(1 —9tug”(Ta)) (1 - 9tke"(T)) —1 >0
It is easy to see that the same comparative statics results emerge.
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Stackelberg L eader ship

By substituting (10) (11) and (16) into the welfare function (37) we derive the first

order conditions of provider A’s problem:

OW (Pa,Ta)  pOluPa(2k — 26210 — 1) + Ta(1 — k — 2K%t0) + t(k + 2k%t0 — 1)]

OP4 (4Kt — 1)2
OW (Pa,Ta) 14 pOPa(1 — k — 26%t0) + 20T 4 (4kt0 + 3K%t0 — 8K2t20% — 1)
0Ty (4rth — 1)2 -
t0(1 — 8k + 10k2t0)
(4kt0 — 1)

The hessian matrix of second derivativesis given by,

W W 120(25—2kt0%—1) ub(1—k—22t6)
H— or? OPs0Ts | _ (4rth—T1)2 (4Kt0—T1)2
- W W - pb(1—rk—212t0) 20(4Kt0+3K%10—8K2120%—1)
0T 40P, or2 (4rkt6—1)2 (4kt0—1)2
so that second order conditions are,
2k — 26%t0 — 1 < 0 (12)

kt0(4+ 3k — 8kth) —1 <0

1 -2k — K24+ 2:%0=7T >0 (13)

Solving the system of first order conditions, we obtain providers' equilibrium val-
ues. Given that from (13) T > 0, P and T'; are well-defined if

t6 > 1 (14)

Inturn, (14) implies 1 — 2k + k%0 > (1 — k)?, so that T7 is also well-defined.
Finaly, given (14) and (12), P} is also positive.
The comparison of both providers decisionsyields,
(t0 — 1)(k — 2utfk + 2t0K% — 1)
uoY

(k—1)(thk — 1) . 1
> < -
0T > 0ift < -

Py — Py =

T~ T} =

Given (14) andthat T > 0, thesign of P} — Py, isdetermined by the second termin

the numerator which can berewritten as x — 1+ 2xt0(x — p). From the definitions
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of p and « it follows that,

o P> Pyt {1,
fors < u, P; > P}

fork = pu, Py < Pg.

We proceed now to compare the equilibrium qualities with the socially optimal val-
uesgiven by TV = 1/20.

* W_(l_"q‘)2>

T, —-T" = 50T >0

. W_(/@—l)(l+/{—2/£t9)> . 1+k
T -1V = T > 0if 6> ——.

Semi-sequential equilibrium.

We first examine second order conditions in each stage. In the third stage, the sec-
ond order conditions are:
0*W
or3

9°Bp
OP3

= —u?/2t <0 =—K/t<0

The stability requirement of Dixit (1986) amounts to
PE (L _H
212 (1 2) >0
which is always satisfied.
In the second stage, the second order condition is

0’Bg 1
——— =——-0<0, 00kt >1
8Té Kt &

Finaly, in thefirst stage, we have
PW OA

T2~ 2(kth — 1)2

whichisfulfilled if A > 0 where A = 4 — 4xtf — k?t0(1 — 2t0). Theroots of A,

seen as polynomial in ¢, are:

0t)* = (4+Kk—VK2+8k—16)/4k
0t)° = (4+ K+ VK2 + 8k —16)/4k
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Therootsof k2 + 8k — 16 are x = —9.54 and x = 1.65, implying negative values
for the relevant range of . Thus, A hasno real rootsfor x € [c, 1], and A > 0 for
the entire relevant range.

We now check positivity of equilibrium values.

24 (2 — 4RO + K202
- oA

Since A > 0, it is sufficient to check the numerator. The roots of the numerator in

Th

t0 are
u —1+4 2k — V1 — 4k + 2K
y =
2
b —1+4+ 26+ V1 — 4k + 2K2
Yy = 12

The roots y® and y° are real values for x < 0.292. Thus, for k > 0.292, T% isal-
wayspositive. For x < 0.292, itisalso straightforward to check that max{y?, y*} <
0. Thus, intherelevant range of ¢ > 0, the equilibrium value of 77 is always pos-
itive.

Direct inspection of equilibrium values of T, Py, Py, reveds that parameter
restrictions imposed to satisfy second order conditions are sufficient for positivity
of equilibrium values.

The comparison P — Py and T — T}; give no definite conclusion:

2t(k — p)(t0 — 1)(kt0 — 1)
uA
t(k —2)(kto —2)
A

Finally, we compare the equilibrium qualities with the socially optimal ones, to ob-

P — Pp = >0ifk>p

T — T} = > 0ift0 < 2/k

tain:
Ti-TV = (K;—AQ)%>O
T, TV = t(2—ﬂ)(n212—2m9)
Thus, T3 > TV if k + 2 — 2kt < 0, Or
9t>2;;”

Of course, if T3, > T7% it must bethe case that 75 > T
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